Hospital wastewater contains pathogenic agents and hazardous compounds; so, it will cause many risks on environmental and human health of different communities. The aim of this research was to investigate the efficiency of hospital wastewater treatment plant in north of Iran. This cross-sectional descriptive research was done on four hospital wastewater treatment plant in north of Iran during 2010 to 2011. A total of 100 grab sample were taken from the influent and effluent of each wastewater treatment plant. Collected sample were sent to laboratory and analyzes for PH, TSS, BOD, COD and Total Coliforms (TC) according to standard methods. The mean value of PH, TSS, BOD, COD and TC in influent wastewater of all studied hospitals was 7.5, 296, 400, 616 mgL -1 and 3.1×105 MPN per 100 ml and in effluent was 7.4, 78, 84, 150 mgL -1 and 831 MPN per 100 ml, respectively. The mean free chlorine residual in the effluent of these hospitals was reported to be 0.2 mgL -1 . The mean removal of TSS, BOD, COD and TC in mentioned hospitals wastewater treatment plant was 74.3, 79.6, 76.5 and 99.7%, respectively. According to the results of this research, the concentration of TSS, BOD, COD and TC in the effluent of the studied hospitals was more than the Iranian reuse standard which indicates inefficient removal of pollutants in mentioned hospital wastewater treatment plant. Thus, for effluent reuse in irrigation more efficient wastewater treatment process is required.
INTRODUCTION
Although the per capita water use in domestic applications is about 100 to 200 liter per capita, but this amount for hospitals is reported in range of 400 to 1200 liter per day per bed (Emmanuel et al., 2001) . In hospitals, also, the water consumed in different units such as inpatient wards, operating rooms, laboratories, laundries, kitchens, health services and administrative units decreases its physical, chemical and biological quality and is converted to wastewater (Mahvi et al., 2009) .
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in different communities. Wastewater production per capita in American hospitals has been determined 1000 liter per day per bed (Tchobanoglous et al., 2004) . This amount in our country, on average, is reported 745 liter per day per bed (Majlesi and Yazdanbakhsh, 2008) . Although the quality of hospital wastewater is similar to municipal wastewater, but the effluent of hospitals wastewater may contain non-metabolized pharmaceutical compounds, antibiotics, disinfectants, anesthetics, radioactive elements, X-ray contrast agents and other persistent and dangerous compounds (Boillot, 2008; Carballa et al., 2004; Jolibois and Guerbet, 2006) . In addition to persistent and hard biodegradable chemicals, some types of microbial pathogens persistent to antibiotics also are introduced to the aquatic ecosystems and other natural receiving bodies of pollution and can transmit acute and dangerous diseases to human (Escher et al., 2011; Chitnisa, 2004; Pauwels and Verstraete, 2006) . Existence of chlorinated organic compounds and heavy metals such as Hg and Pb has been reported in hospitals WTP (wastewater treatment plant) effluent (Kummerer and Helmer, 2006) . In a study, the concentration of chlorinated organic compounds "AOX", in hospital wastewater, was determined to be more than 10 mgL -1
. In a research, the number of coliforms bacteria in raw wastewater entering the hospital WTP was counted 300×10 8 MPN per 100ml, while this number was reported to be 100×10 6 MPN per 100ml in raw wastewater of municipal wastewater (Emmanuel et al., 2001) .
In communities where there is no epidemic of parasitic and enteric diseases, the wastewater of hospitals and other health-care centers could be discharged to municipal sewerage systems. In such combined systems as long as more than 95% of wastewater pollutants are removed and purified by wastewater treatment plant. Otherwise, hospital wastewater should be treated separately by WTP of each hospital (Ekhaise and Omavoya, 2008; Mahvi et al., 2009) . It is necessary to pay adequate attention to proper management and surveillance to the generation and treatment processes of hospital wastewater in order to prevent pollution load to environment. Conventional processes of wastewater treatments, such as activated sludge with suspended growth, despite of their widespread use and successes in the municipal wastewater treatment, are not able to treat hospital wastewater properly (Lenz et al., 2007; Verlicchi et al., 2010) .
Also, in regard to the investigation on performance of hospital wastewater treatment plants, several studies have been done in the country and globally. A research success rate on this study is based on the optimization plan of a hospital wastewater treatment system, removal efficiency of BOD 5 and COD which was mentioned to be 89 and 94% respectively (Boillot, 2008; Mesdaghinia et al., 2009) . Given the large number of reception of patients from different cities of Mazandaran province and neighboring provinces in hospitals covered by Babol University of Medical Sciences and various specialty and subspecialty services in such health-care centers and increasing changes in quantity and quality of wastewater generation, on the one hand, and presence of the ecosystems, valuable and susceptible natural resources of this province such as river, sea, jungle, agricultural areas and pasture lands, on the other hand, continuous assessment and monitoring of hospital wastewater and the method of treatment, disposal and sludge produced in such health-care centers is necessary for provision, maintenance and promotion of community and environmental health (Carballa et al., 2004; Escher et al., 2011) . The aims of this study was to investigate the efficiency of hospital WTP in health-care centers that is covered by Babol University of Medical Sciences in north of Iran.
MATERIALS AND METHODS
This research is a cross-sectional descriptive study which has been done in four hospitals of Babol University of Medical Sciences including ShahidBeheshti, ShahidYahyanejad, Children of Amirkola and Ayatollah Rouhani hospitals during 2010 to 2011. This city is located in north of Iran (Figure 1) .
In order to determine the quality of raw and treated wastewater in mentioned hospitals a total of 100 composite samples were taken from the influent and effluent of hospital WTP during 2010 to 2011. For TC determination, sterile glass bottle and for chemicals parameters, clean polyethylene container is used. After sampling and complete mixing of them (composite sampling), samples were quickly sent to laboratory for chemical and microbial analysis including pH, BOD5, COD, TSS, chlorine residual and TC parameters. Chlorine residual and pH is measured as on-site determination. All mentioned parameters were measured according to the standard methods (Clesceri et al., 2005) . Statistical analysis of this study was done by SPSS software and ANOVA test.
In this research, various methods is used for collection and disposal of hospital wastewater (disposal in river, absorption well, discharge into municipal wastewater sewer and use for irrigation landscape) were studied. Also, the methods of collection and disposal of the sludge in different treatment processes (thickening and drying, sludge anaerobic digestion, collection and transportation of sewage sludge by sludge rake vehicles) were assessed in these medical centers.
RESULTS
The wastewater treatment system in studied hospitals were activated sludge with extended aeration. Hospitals wastewater passes through the bar screen after collection from different medical and non-medical wards and then enter the pumping station. There is no primary sedimentation basin in any of these wastewater treatment systems and the pumping station acts as both equalization and sedimentation tank.
The characteristics of raw and treated wastewaters in studied hospitals are presented in Table 1 . The mean value of pH in raw and treated wastewaters was 7.5±0.6 and 7.4±0.4 that this difference is not statistically significant (p>0.05). The mean concentration of TSS, BOD5 and COD was measured as 296, 400 and 616 mgL -1 in raw wastewater and 78, 84 and 150 mgL -1 in treated wastewater, respectively, that this differences in the mentioned parameters of the influent and treated wastewater is statistically significant (p<0.05). The mean number of TC has been more than 2400 MPN per 100 ml in raw wastewater and 831 MPN per 100 ml in treated wastewater. Also, efficiency removal of TSS, BOD, COD and TC in studied hospital wastewater treatment plant is shown in Table 2 . As shown in Table 2 , the average removal of TSS, BOD, COD and TC in studied hospital WTP were 73.1, 78.69, 75.04 and 99.7%, respectively.
DISCUSSION
One of the important parameters for evaluation of the quality of wastewater is pH value or acidic or alkaline status. Increase or decrease of this parameter in a wastewater will cause the corrosion and damage of WTP and sewers. This index also plays a significant role in biologic processes of wastewater treatment (Chitnisa, 2004) . In this research the maximum pH of raw wastewater in hospitals of Yahyanejad and children of Amirkola were 8.5 and 7.9 and mean value were 7.7 and 7.4, respectively. The mean pH value of raw wastewater of all studied hospitals was 7.5. In a study on Turkey hospitals, the mean pH of raw wastewater hospitals was A7.3 (Altin et al., 2003) . In another study on hospitals wastewater, somewhere in the globe, the mean pH value in health-care centers wastewater was about 7.2. According to the standards of IREPA, the acceptable level of PH to discharge of effluent to receiving water is 6.5 to 8.5 (IR EPA, 2003), considering our study findings it is clear that pH of studied hospital wastewater were compatible with this standards.
As shown in Table 1 , the maximum and minimum of TSS in raw wastewater were measured in Shahidbeheshti (523 mgL . The mean TSS of domestic wastewater is in the range of 120 to 400 mgL -1 (Tchobanoglous et al., 2004) , that is close to the obtained results of our study. Results of a study in Turkey shows that mean TSS concentration in raw wastewater in some hospitals of Turkey was 101 mgL -1 (Altin et al., 2003) . Based on our study findings, the mean removal of TSS by WTP of ShahidBeheshti, Yahyanejad and Children hospital of Amirkola, were 69.6, 72.8 and 80.6%, respectively and mean overall removal in studied hospital WTP were 74.3%. Another study in Iran shows that mean removal of TSS by treatment system of Khalije Fars hospital of Hormozgan province, was between 66 to 87.9% (Majlesi and Yazdanbakhsh, 2008; Sarafraz et al., 2006) .
The mean concentration of BOD and COD in domestic wastewater, in terms of wastewater strength, are reported in the range of 110 to 350 and 250 to 800 mgL -1 (Tchobanoglous et al., 2004) . In Thailand, the mean concentration of BOD and COD in raw wastewater of Thailand hospitals was 113 and 232 mgL -1 , respectively. The mean concentration of BOD and COD of raw wastewater of 70 hospitals of Iran has been reported 348 and 527 mgL -1 as respectively (Majlesi and Yazdanbakhsh, 2008) that is close to the results of the present study. The mean removal of BOD and COD in WTP of ShahidBeheshti, Yahyanejad and Children of Amirkola hospital were 76.1, 70.5, 78.8 and 77, 83.8 and 82.1%, respectively and the mean overall removal of BOD and COD in all studied hospitals WTP were 79.6 and 76.5%, respectively. Findings of another study show that the mean removal of BOD and COD in 70 hospitals of Iran was 67.5 and 64.3%, respectively that is compatible with our study findings (Majlesi and Yazdanbakhsh, 2008) . Findings of a study in the wastewater treatment plant of the city of Thessaloniki (northern Greece) shows that removal of persistent organic pollutants (POPs) during the conventional activated sludge treatment process were between 65 to 91% through-out the whole treatment process (Katsoyiannis and Samara, 2004) . Coliforms bacteria are one of the significant indicators for microbial quality assessment of wastewater. According to IREPA standards for effluent reuse, the permissible limit of total coliforms bacteria in hospital wastewater effluent is 1000 MPN per 100ml of effluent (IR EPA, 2003) . In the present study, the maximum number of coliforms bacteria is observed in ShahidBeheshti hospital (1963 MPN per 100 ml) and its minimum is in Children hospital of Amirkola (316 MPN per 100 ml). The overall mean number of coliforms bacteria in effluent of all the studied hospitals was 831±509 MPN per 100 ml. The mean rate of total coliforms bacteria removal by WTP in ShahidBeheshti, Yahyanejad and Children of Amirkola hospitals were 99.7, 99.8, 99.6%, respectively and overall mean removal were 99.7%. The rate of fecal coliforms removal has been reported between 90.63 to 99.57% in hospitals of Sari and 99.96% in Hamadan (west of Iran) hospital (Mahvi et al., 2009 ). According to the results of this study, all of the studied hospitals were equipped with wastewater treatment and disposal systems, but the efficiency of treatment and removal of the pollutants is different among them. In our study despite the chlorination systems in all WTP, the mean chlorine residual in effluent were less than the standard level of 1 mgL -1
. The mean concentrations of TSS, BOD and COD in wastewater effluent of the studied hospitals WTP were more than reuse standard of the IREPA. This indicates inefficient removal of mentioned parameters from the hospital wastewater by WTP in such hospitals. For TC bacteria, the mean value in effluent of all WTP was in acceptable levels for reuse (IR EPA, 2003) .
Conclusion
Findings of this study show that although, regarding to the mean TC bacteria, effluent of all hospital wastewater treatment plant is suitable for reuse but for efficient removal of TSS, BOD 5 and COD, further treatment is necessary and also, rehabilitation of chlorination system is recommended.
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